Introduction
Accurate identification and operation in the correct dissection plane are key factors for the successful preservation of critical structures during endocrine surgery. This preservation correlates with clinical outcomes and quality of life in these patients. In the past, inspection and palpation have been the main tools of a surgeon during surgery. Although all surgeons operate with careful dissection, there are still some limitations regarding organs or structural preservation in endocrine surgical procedures, especially parathyroid gland (PTG) preservation which we can see from the high incidence of postoperative parathyroid insufficiency in thyroid surgery (1) and uncertainty of parathyroid function after subtotal parathyroidectomy (2) .
Indocyanine green (ICG) enhanced fluorescence imaging is one of the latest medical tools that uses intraoperative angiography with a fluorescent dye and is being applied by surgeons in order to overcome the above-mentioned limitations. The tool, thus, aims to verify the perfusion rates of PTGs. Previous research studies have shown the use of a particular technique or combination of techniques that have enabled surgeons to ensure the parathyroid remnant is adequately perfused, allowing for the total resection of the other PTGs to be carried out or to ensure that the PTGs are adequately vascularized after thyroid resection. This technique is used to reduce the chances of hypoparathyroidism after a patient undergoes thyroid surgery and can help to preserve postoperative parathyroid remnant function (2, 3) . We reviewed the current studies of ICG in endocrine surgery focusing on parathyroid preservation within this report. a real-time intravascular contrast with a half-life of between 3-5 min and elimination happening after 15-20 min from the time of absorption. This is ultimately taken up by the hepatocytes and excreted by the biliary system. Generally, ICG is injected intravenously and further injections can be would reach a maximum toxic dose at a level of 5 mg/kg per day (5) . Adverse reactions in patients who are treated are rare, with fatal allergic reactions occurring in 1/333,000 of cases (5) .
ICG was originally developed for use in photography and later approved by FDA for clinical use in 1959, which led to its angiographic use as a technique to detect macular degeneration in patients (6) . ICG has various advantages such as its excellent safety rating and its short life-time in terms of its presence within a patient's bloodstream. With accessible imaging devices, it has been established for many clinical applications including assessing vessel patency during surgery (7, 8) , the delineation of tumor/ metastasis after ICG is administered intravenously (9) (10) (11) , and lymphatic architecture assessment after subcutaneous and intradermal ICG administration (12) (13) (14) . It has been introduced into many fields and procedures of surgery, for example, in treating wounds and traumas, reconstructive operations, various neurosurgical procedures, bypass coronary surgery, and laparoscopic surgery (4, 5, 15) .
Many devices have been employed in the published studies (4, 15, 16) . There are several variables in terms of how each of the systems differ from one another, including such factors as the wavelength and bandwidth of excitation sources, required power input, and techniques employed for the filtration for the rejection of backscattered excitation and ambient light that influence the sensitivity levels of such device, as outlined in Table 1 (15) .
Recently, ICG fluorescence imaging was used with endocrine surgery, including thyroid and parathyroid surgery. Its use has been studied by several groups (2, (17) (18) (19) (20) (21) (22) . However, an overall consensus on the optimal dosage and timing of ICG administration is still lacking. Current applications of ICG enhanced fluorescence in thyroid and parathyroid surgery have been reviewed in this study.
ICG enhanced fluorescence in thyroidectomy

Syndromes of hypoparathyroidism after total thyroidectomy
One of the most common complications associated with total thyroidectomy is postoperative hypocalcemia (23) . The estimated prevalence of transient hypoparathyroidism is from 19% to 38% and permanent hypoparathyroidism varies from 0% and 3%, respectively (23) . The reason as to why the incidence of postoperative hypocalcemia reported a wide range of incidence is because of lack of any clear definition. The definition of hypoparathyroidism and hypocalcemia were varied across several studies that applied different timing of measurements, cut-off levels, and the addition of calcium and vitamin D supplements (24, 25) . Hypocalcemia has been defined with the range of the cut-off point between 1.8 to 2.12 mmol/L (23) and hypoparathyroidism reported when parathyroid hormone (PTH) less than 1.1 pmol/L. There was also variation in the cut-off period of transient and permanent hypoparathyroidism and temporary hypocalcemia which is less than 6 months or 1 year after total thyroidectomy.
To date, one previous study focusing on the cohort series of 202 post-thyroidectomy patients in which ten alternative definitions were applied (with some examples and results as shown in Table 2 ), the results of post-thyroidectomy hypocalcemia could be 0-46% from this same group of patients (26) .
Without the consensus of the definition, this could be the reason that explains the underestimated prevalence of postoperative parathyroid insufficiency and failure in general awareness, treatment, and prevention of postthyroidectomy hypocalcemia. A major cause of postoperative hypoparathyroidism is inadvertent injury during surgery, such as mechanical or thermal trauma, gland devascularization or incidental parathyroidectomy (23) (24) (25) . There have been many studies that have reported the surgical risk factors of postthyroidectomy hypocalcemia, such as re-operation, large goiter (25), Graves' disease (27) , and thyroid cancer (28) . There have also been reports of clinical predictors of postoperative hypocalcemia, such as calcium levels being less than 1.88 mmol/L (reading taken 24 h after surgery), and the inability to identify more than one PTG during surgery (25) .
Hypoparathyroidism has a wide range of impacts on patient's quality of life, ranging from unexpected inability to control their hypoparathyroidism, other breakthrough symptoms despite current management regimens, and feelings of significant interference with their lives (29) . Furthermore, there could be the potential for long-term complications in patients with permanent hypoparathyroidism, with risks including the development of renal failure, basal ganglia calcifications, neuropsychiatric derangements and infections (30, 31) .
Reducing and ultimately eliminating such complications after surgery can greatly improve a patient's overall quality of life (23) (24) (25) (29) (30) (31) . Preservation of parathyroid function is the key factor to ensure better outcomes but, at the same time, also presents a challenge even for experienced surgeons. According to several studies, it has been concluded that despite the fact that PTGs are often considered to be well preserved at the time of surgery, postoperative parathyroid function cannot be guaranteed afterwards (32) (33) (34) .
Many techniques and approaches have been proposed to improve the outcomes and prevent post-thyroidectomy hypocalcemia (18, 20, 22, (35) (36) (37) (38) (39) (40) . Among these techniques, intraoperative ICG with fluorescence imaging has been one of the most promising methods for identifying and preserving parathyroid function (18, 20, 22) .
Identification and perfusion assessment of PTGs with ICG enhanced fluorescence during thyroidectomy
Several groups have studied the role that ICG plays in helping surgeons to preserve PTGs from inadvertent injury and evaluate vasculature after thyroidectomy as shown in Figure 1 .
In 2016, Vidal Fortuny et al. reported a pilot study that evaluated the application of ICG angiography in an attempt to predict function levels of the PTG following thyroidectomy (18) . Thirty-six patients undergoing total thyroidectomy were the subjects of this study. According to the protocols of the 25-mg dye, ICG was prepared with a mixture of 10 mL sterile water, while 3.5 mL of such mixture was intravenously injected following the completion of the thyroidectomy procedure. Images were taken with a laparoscopic PINPOINT ® camera (Novadaq, Ontario, Canada) after 1 or 2 min. All identified PTGs with ICG enhanced fluorescence were graded on a visual basis (i.e., their subjective appearance to a surgeon's naked eye) Table 2 The definitions of postoperative hypocalcemia definitions taken from previously-published. The respective temporary and permanent hypocalcemia rates are shown, used for the calculation in the study cohort (26) in terms of their viability. The grading system was from 0 (reported no or poor vascularity) to 2 (reported excellent vascularity). The mean duration of the ICG angiography procedure was 6±2 min, based on a mean average time reading. Ninety-nine PTGs could be identified from these patients. One of the 30 (3.33%) patients with a minimum of one well vascularized gland was identified to have asymptomatic hypocalcemia and levels eventually was normalized at postoperative day (POD) 10. On the contrary, ICG angiography was not found to demonstrate good vascularization of the PTGs of six patients included in the study and a further two of the patients (one-third in total) developed transient hypoparathyroidism. It was found that no patients developed symptomatic hypocalcemia or required additional treatment using active vitamin D analogue.
In the same year, Zaidi et al. reported a different technique of ICG injection and grading system (20) . This involved a total of 27 patients who were undergoing total thyroidectomy including for both benign and malignant conditions, with a Pinpoint video-assisted NIR system (Novadaq) used during the analyzed procedure. ICG was injected before and after the dissection of the thyroid gland, with the design of the study containing two different implications, in that:
(I) To identify the PTGs before the dissection of the thyroid gland through the use of this intraoperative imaging. This, in turn, could possibly reduce potential injury or contamination in the bloodstream as the area of dissection in relation to the thyroid gland could be pinpointed more accurately; (II) To evaluate the viability of PTGs following total thyroidectomy through the use application of ICG fluorescence as an objective parameter with four varying degrees of ICG fluorescence present in PTGs following a thyroidectomy procedure; grade 0 (shows no ICG uptake), grade 1 (shows <30% uptake), grade 2 (shows 30-70% uptake), and grade 3 (shows >70% uptake) (20) . Through visual identification, a total of 85 glands could be identified, with a total of 71 (84%) showing the presence of ICG fluorescence. The degree of ICG fluorescence following the completion of the procedure was 3 (>70% of the volume of the gland) in 38/85 glands (44.7%); 2 (30-70%) in 26/85 (30.6%) glands; 1 (<30%) in 7/85 (8.2%) glands; and 0 (no uptake) in 14/85 (16.4%) glands.
Following the completion of each thyroidectomy, ICG uptake correlated with the levels of postoperative serum PTH. The mean average level (reported on the POD1 PTH of each patient with a minimum of two glands A B C exhibiting <30% fluorescence at the time of completion of thyroidectomy surgery was 9 pg/dL; patients with one or no glands demonstrating <30% fluorescence were reported to have POD1 PTH of 19.5 pg/dL (P=0.05). POD1 serum calcium levels reported in such patients with two or more under-perfused glands did not significantly differ between patients with fewer than two under-perfused glands. A total of three patients (11% of all subjects) were reported to have a serum calcium value of <8 mg/dL and one was exhibiting symptoms associated with such treatment.
In a recent study, Yu et al. combined ICG enhanced fluorescence imaging with a bilateral axillo-breast approach (BABA) robotic thyroidectomy (RoT) (22) in which a total of 11 patients were undergoing total thyroidectomy and the same number (11) undergoing thyroid lobectomy with the application of ICG. The Firefly system (NIR illuminator: 805 nm; filter: 825 nm), used in conjunction with ICG fluorescence, was integrated into the da Vinci Si robot system with the aim of identifying the patients' lower PTGs. In order to accurately know that the ICG injection was indeed illuminating PTGs rather than any other internal structure, 9 of the 11 patients were subjected to an intraoperative tissue PTH assay. 15.9%, P=0.048) demonstrated a significantly higher rate of incidental parathyroidectomy than that of the ICG group, which had comparatively lower rates. However, result shows the lack of statistical significance regarding the rates of transient and permanent hypoparathyroidism (22) .
Later, Lang et al. conducted a study of ICG fluorescence imaging to help to predict postoperative parathyroid function in 94 patients after open total thyroidectomy (21) . The SPY Fluorescent Imaging system (Novadaq) was used in the study to perform Intraoperative ICG angiography. The emitted fluorescence from the SPY Fluorescent Imaging system was recorded in terms of its intensity (defined as the "FI" range). The measurement technique used a charge-coupled camera setup to directly reflect perfusion levels within that highlighted region in which PTGs and anterior trachea were compared.
In this study, they were able to find 4 PTGs in 70 patients. Out of these, a total of nine (equivalent to 12.9%) of the total number of patients developed post-thyroidectomy hypocalcemia. All (100%) of the patients had no problems in discontinuing the use of calcium and vitamin D supplements within a time period of 3 months following their operation, nor did any exhibit symptoms of hypocalcemia or develop permanent hypocalcemia. In the same study, no occurrences of any parathyroid tissue or gland being inadvertently discovered on the excised thyroid specimen were reported.
The median (range) of the highest FI level of each patient was 208.50% (105.00-419.00%) and the median average range of the FI levels of each patient was recorded at 155.80% (55.50-320.00%). It was found that significant correlations existed between the highest FI level and PTH-D0 (r=0.081, P<0.001), the highest FI level and PTH-D1 (r=0.598, P<0.001) and the highest FI level and percentage of reduction in PTH from the preoperative to day-0 (r=0.239, P<0.001). However, there was not a significant correlation between the average FI level and PTH-D0 (r=0.109, P=0.371), the average PTH-D1 (r=0.106, P=0.384) and the average FI level and the percentage of reduction in PTH recorded from the preoperative to day-0 (r=0.115, P=0.345).
In the case where patients had the highest FI value >150%, the statistical probability of developing postoperative hypocalcemia was 0 (0/59), and also in the case where the highest FI value was <150%, 9 (81.8%) developed PH. In the case of the two patients with the highest FI value <150% and who did not develop postoperative hypocalcemia, the highest FI values were recorded at 116% and 119%, respectively. These patients' average FI values were recorded at 56.25% and 112.0%, respectively. In this same light, in cases where a patient had an average FI recorded at >109%, the statistical probability of such patient developing postoperative hypocalcemia was 0 (0/40); however, in cases in which the overall average FI was recorded at <109%, 9/30 (30.0%), patients did develop postoperative hypocalcemia.
Based on this data, the study group has proposed the highest FI values of (<150% and >150%) to be used for predictive tests of postoperative hypocalcemia. This is because these values having the highest levels of sensitivity and specificity, while they are also predictability relative to the other tests. In addition, the highest FI level recorded was superior to PTH-D0 (P=0.027) and the percentage of PTH drop from day 0 to day 1 (P<0.001). In addition, while perhaps not as important, the highest FI level recorded was usually superior to the average FI level (P=0.073).
From many published reports, we believe that the utility of this ICG enhanced fluorescence imaging has promising benefits but there was variation across studies as shown in Table S1 . One of the drawbacks of the current studies are the sample sizes, which are too small to clearly identify the correlation of well-vascularized PTGs and post-thyroidectomy parathyroid function. The lack of quantitative measurements of PTG vascularization (but rather a basis which relies on surgeons' subjective decisions) is an important limitation to compare the results between studies and impacts on the reliability of methodology. We believe that a randomized controlled trial comparing the use of ICG enhanced fluorescence imaging and naked eye with intraoperative confirmation of PTGs and quantitative measurement vascularization should be conducted to validate the follow-up studies.
ICG enhanced fluorescence in parathyroidectomy
Although ultrasound and sestamibi scan can be used to guide parathyroidectomy, their sensitivities are around 69-75% and 49-70%, respectively (41) . There are still limitations of applying these localizations into the real-time procedures especially for identification of the PTG. Many techniques have been reported to be able to overcome this limitation (42) (43) (44) . Among these techniques, ICG enhanced fluorescence imaging is one of the most feasible and promising methods to improve the localization of PTGs and help surgeons to evaluate perfusion and predict its preserve function after parathyroidectomy intraoperatively. From the published studies, ICG was used with the indications as follows:
(I) Identification and localization of pathologic PTGs in primary hyperparathyroidism, especially in redooperation (17, 19, 45) ; (II) Evaluation perfusion of preserved PTGs and prediction of its function postoperatively with the aim of avoiding long-term hypoparathyroidism with low levels of PTH immediately after parathyroidectomy after subtotal parathyroidectomy in renal hyperparathyroidism or other indications (2) . In 2016, Vidal Fortuny et al. (2) described their use of ICG angiography used to evaluate how parathyroid remnant in subtotal parathyroidectomy functions, with this particular study comprised of 13 patients undergoing treatment. With a dose of 5 mg/kg, each patient was intravenously injected with ICG once per day. However, the study did not specifically record the exact dosage amount for each patient (but, rather, was based on the above-mentioned ratio of 5 mg/kg). A Pinpoint Endoscopic Fluorescence Imaging System (Novadaq) was enabled for the visualization of gland perfusion of the course of the study period. A visual color scale that used grey or green tones (depending on the mode of viewing) was used to define the perfusion of the glands and the remnant. The mean duration of performing the ICG angiography was 3.0±2.3 min. According to the results obtained by the ICG angiography technique, the parathyroid remnant that was most effectively perfused could be successfully identified. Ten patients in the study underwent the removal of 31⁄2 glands while three patients had three glands removed. Metallic clips were used for half-gland resection during the procedure. In the shortterm follow ups, it was found that the previously corrected calcium and PTH levels could be defined as being in a 'normal' range for 100% (13 in total) of the patients. This assumption was based on the fact that their pathology and PTH levels had dropped from 70.7%±22.5% in comparison to the level taken before the operation.
Conclusions
This study reviews the current status of ICG enhanced fluorescence imaging and parathyroid preservation in both thyroid and parathyroid surgery. Although there still are questions regarding its utility, current data suggests that a correlation does exist with regards to the relationship between parathyroid perfusion and postoperative parathyroid function. In light of this, additional studies are necessary for the further validation of ICG angiography as an intraoperative tool in assessing real-time parathyroid preservation. 
